Background: Periodontal disease affects 50% to 80% of the world population and is a host immune system inflammatory response associated with a change within the gingival sulcus or periodontal pocket. Conventional treatment and homecare programs are inadequate in controlling the biofilm that causes this disease. Direct medication delivery has been shown to modify the periodontal biofilm, decrease the microbial virulence, which should prove beneficial for the patient.
Introduction
Periodontal disease is a host inflammatory response to the pathogens and their products that exist in the subgingival biofilm. There is strong evidence that micro-environmental changes occurring in the host periodontal pocket alters the type and number of periodontal pathogens that were originally commensal to become pathogenic [1] . Inflammatory changes within the host periodontal pocket result in an overgrowth of a specific subset of microbes within the subgingival plaque [2] . Inflammatory changes within the host periodontal pocket modify the microbial flora and alterations in the biofilm constituents are an important part of periodontal pathogenicity [3] .
Conventional mechanical treatment such as debridement, scaling and root planning and surgery and conventional homecare like tooth brushing, flossing and oral rinses do not change the species of bacteria present before and after treatment [4] . Colombo et al. found debridement and scaling and root planning modestly decreased the mean counts of many of the recognized periodontal pathogens, but the counts of other suspected pathogens increased after treatment and the mean frequency of the reduced pathogens increased to base values by 9 months [5] . Palmer et al. in evaluating the effects of scaling and root planning found that removal of 75% of a biofilm mass resulted in a regrowth that reached 400% regeneration within three hours [6] . Teles et al. in two published research articles found that biofilms following mechanical therapy attained a growth potential that superseded pre-treatment levels within days and they demonstrated there was no significant alteration in the proportions of periodontal pathogens following conventional plaque removal [7] .
Conventional tooth brushing can reduce the number of supragingival bacteria [8] , but because a tooth brush can only extend about 0.9 mm subgingival [9] , the use of a tooth brush does not significantly alter the prevalence of subgingival bacteria [10] . Mechanical treatment and the effect of conventional homecare fail to achieve a plaque free dentition and repeated subgingival scaling and root planning should be avoided in sites that are 3 mm or less as this is liable to traumatize the periodontium [11] . Conventional mechanical treatments and home care do not change the subgingival biofilm constituency. Therefore, the remaining biofilm along with the host response to the biofilm lies as a significant part of the cause of periodontal disease.
Research has shown that it is possible to change the biofilm constituents in periodontal pockets 3 mm or greater using a method which delivers and maintains hydrogen peroxide, oxygen and Vibramycin into the periodontal pocket or gingival sulcus [12] . This research showed the constituency of the biofilm was changed where the predominant species before treatment is not the predominant species after treatment. This study further demonstrated that direct medication delivery decreased the numbers of bacteria by a log [2] [3] [4] and changed the pathology of the biofilm from a more virulent to a less virulent population. Changes in the biofilm and the decreased virulence are observed clinically in this report to explain changes in the host periodontal pocket probing depths and bleeding upon probing.
The use of hydrogen peroxide in the direct medication delivery device has multiple purposes. Hydrogen peroxide is used to provide a positive pressure to help deliver the medication into the periodontal sulcus or pocket as it disassociates to 5.7 × saturation of oxygen [13] , similar to the oxygen concentration in hyperbaric treatments. Hydrogen peroxide is a wound debridement agent and serves to disrupt the biofilm and fosters biofilm degrading and wound healing [14] . Hydrogen peroxide increases the subgingival oxygen saturation and hydrogen peroxide disrupts the bacterial cells by inactivating their enzymes used to control oxygen metabolism [15] . Hydrogen peroxide help modify the biofilm as it has multiple other antimicrobial activities [16] .
The combination of hydrogen peroxide and Vibramycin delivered into a periodontal pocket with direct medication was evaluated by Putt et al. [17] . In their research, they found that the combination of Vibramycin and hydrogen peroxide worked slightly better in controlling bleeding upon probing and pocket depth improvements than only hydrogen peroxide used in custom formed prescription trays. Their study showed that the combination of hydrogen peroxide plus Vibramycin and the use of hydrogen peroxide alone were superior to scaling and root planning.
The delivery of hydrogen peroxide into the periodontal pocket increases the oxygen saturation, which is lethal to most obligate anaerobes, which are the predominant species in the biofilm in periodontal pockets 3 mm or deeper. Keller and Buechel showed the hydrogen peroxide and oxygen modified the biofilm from a pathologic more virulent entity to a less virulent pathologic entity along with a significant reduction in bacteria. This decrease in pathogenicity and decreased numbers of the biofilm should result in a lessened clinical response by decreasing the patient's clinical signs and symptoms of moderate to advanced periodontitis. The following case study helps illustrate these advantages.
Case Report
This theory of improved patient conditions in response to biofilm management is tested in this clinical case report. Pocket probing depths was recorded with the Florida probe for all sites under investigation by the same evaluator to reduce multiple evaluator error and all values were taken before any treatment. Direct medication delivery was provided with the Perio Protect Method (St. Louis, MO) where a custom formed Perio Tray was used to deliver the medication subgingival and interproximal in accordance with the patient's periodontal conditions. The Perio Protect Method uses the most involved periodontal region as the basis for treatment and treatment is modified as the patient responds to therapy and pocket probing depth and bleeding upon probing decrease over time.
A patient with advanced periodontal disease was treated with direct medication delivery using an FDA cleared medical device (Perio Tray) to deliver a 1.7% hydrogen peroxide (Perio Gel) as the primary antimicrobial. The poloxamers within the Perio Gel scavenge hydrogen and hydroxyl radicals and stabilize the chemical conversion of hydrogen peroxide to oxygen to maintain a constant therapeutic concentration for up to 15 minutes. The oxygen conversion produces a consistent 5.7 times increase in oxygen saturation in the Perio Tray that is delivered into interproximal and subgingival periodontal spaces [18] . Other medications, such as an antioxidant like Vibramycin, could also be used for patients with profuse bleeding, loss of stippling or purulent exudate either generally applied or site specific to the affected wound area.
Hydrogen peroxide has multiple anti-inflammatory effects. Hydrogen peroxide introduced to human neutrophils suppresses the action of IL-8 mRNA, resulting in a reduction of the pro-inflammatory cytokine IL-8 [19] . Hydrogen peroxide also has a modulating effect on human dendritic cells where they decrease phenotypic activation, decrease pro-inflammatory chemokine and cytokine release and have been shown to regulate adaptive immune responses such as inflammation [20] . These anti-inflammatory effects should help decrease signs of inflammation, such as bleeding upon probing, and the addition of hydrogen peroxide to the periodontal pocket increases the oxygen concentration.
The increased oxygen concentration in the periodontal pocket approximates the oxygen concentration found with hyperbaric oxygen therapy [21] and can affect pro-inflammatory cytokine production. Inflammatory cytokines like IL-8 and tumor necrosis factor-α (TNF-α) levels when measured in different oxygen environments by enzymelinked immunosorbent assay and by immunohistochemical analysis were found to decrease in a higher oxygen tension [22] . Hyperbaric oxygen has been shown to markedly reduce prostaglandin production, resulting in a decreased inflammatory effect on alveolar bone in animals [23] . Inflammation is reduced when pro-inflammatory cytokine production is decreased [24] and this should be clinically evident with decreased bleeding upon probing.
Antioxidant such as doxycycline can be used to help reduce gingival inflammation [25] . This is partially due to the effect doxycycline has on reducing macrophage inflammatory mediators, which provides proven clinical benefits on the inhibition of proinflammatory cytokine responses [26] . The tetracycline type of medications has been found to block the lipopolysaccharide stimulated TNF-alpha secretion, thereby helping prevent inflammatory tissue destruction. The combined use of antioxidants like doxycycline and hydrogen peroxide have been tested and were found to be clinically better and provided statistically significant better pocket probing depth and bleeding upon probing results [27] .
Keller and Buechel (submitted for publication) demonstrate a significant change in the periodontal pathogens when treated with direct medication delivery of hydrogen peroxide gel and Vibramycin. This research demonstrated the predominant species prior to direct medication delivery is not the same as the predominant species after treatment and a less virulent population exists after therapy. This decreased virulence is clinically evident in this study to decrease periodontal pocket depth and tissue inflammation (bleeding upon probing) over time.
The findings in this case study demonstrate a management of periodontal pathogen and an improved host response. There was a uniform and consistent decrease in all pockets and bleeding upon probing when comparing the before, during and after treatment results. These findings are applicable for any patients suffering with periodontal disease.
Results
The results shown in Figure 1 demonstrate a decrease in pocket probing depth and a decrease in inflammation (BOP) during the treatment of the periodontal biofilm with direct medication delivery in the absence of scaling and root planning. The pocket depth was found to be greater before treatment, which decreased during treatment from an average pre-treatment depth of 5.1 mm to an average post-treatment depth of 2.9 mm at the end of the study. Inflammation as determined by bleeding upon probing was evaluated ( Figure 2 ) and inflammation was found to decrease from 14 sites prior to direct medication delivery treatment, to 4 sites during treatment to zero (no bleeding sites) at the end of treatment. Figure 3 demonstrates a composite view of the change in pocket depth before and after treatment. The result is a shift in pocket depth from deeper pockets to shallower pockets where there are fewer deeper pockets and more shallow pockets. Changes are also evident when viewing tissue changes before and during/after treatment. Figure 4 shows there is obvious inflammation and a purulent exudate prior to treatment. Figure 5 illustrates the placement of the Perio Tray as the first step in biofilm management. Figure 6 shows the patient's tissue changes during treatment with direct medication delivery and supragingival debridement where the tissue appearance is much improved. Figure 7 demonstrates further significant improvements in the patient's clinical appearance.
Direct medication delivery of hydrogen peroxide and a subclinical dose of doxycycline change the micro-environment of the periodontal Figure 2 : Bleeding upon probing is an indication of ulceration and/or inflammation of the gingival tissues. This ulcerated and inflamed tissue is a local inflammatory response that may serve as the portal of entry where bacteria may come in contact with the host blood stream (bleeding upon probing). These results show there were 14 bleeding sites before treatment, which decreased to four bleeding sites during treatment to no bleeding sites by the end of treatment. This data supports the findings that direct medication delivery of hydrogen peroxide and oxygen and Vibramycin to the periodontal infected sites on 9/9/2015 decreases bleeding upon probing by 2/ 10/2016 and bleeding upon probing (tissue inflammation) is eliminate by 5/24/2016 with no evidence of reoccurrence.
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pocket providing significant improvements for the patient. The increased oxygen concentration, which approximated the oxygen saturation of a hyperbaric chamber, improves wound healing and microbiologic control where Gram negative obligate anaerobes are replaced with more commensal types of bacteria. This change in the biofilm resulted in improved pocket probing depth and bleeding upon probing ( Figures  1-3) . Much of these improvements in the tissue conditions were due to the increased oxygen concentration and the anti-inflammatory effects of hydrogen peroxide and oxygen and the anti-inflammatory effects of the Vibramycin.
The clinical improvements (Figures 4-7 ) and the significance of these changes is evident and measurable. The direct medication delivery method was found to successfully change the composition of the micro-environment and this change from a more virulent population to a decreased number of less virulent population resulted in decreasing the pocket probing depth and tissue inflammation.
Discussion
Conventional treatments do not alter the biofilm present after treatment and home care like brushing and flossing are not able to Figure 3 : Pocket probing depths were recorded for all treatment sites before and after treatment. There is a marked change in the pocket depth with more numerous and deeper pockets found prior to treatment and shallower pockets found after treatment. The average pocket depth before treatment is 5.1 mm. The average pocket depth after treatment is 2.9 mm. This indicates there is a significant decrease in pocket depth with usage of the Perio Protect Method direct medication delivery. This is also important because of the short period of time needed to attain these results, which remained constant to the end of treatment without evidence of pocket depth increasing. change the subgingival micro-environment in pockets 3mm or greater. As a result, patients continue to experience periodontal disease and must be routinely re-treated.
Direct medication delivery resulted in significantly improved patient conditions. Pocket depth decreased and remained decreased during and up to the end of treatment with no signs of deteriorating as the patient continued to use direct medication delivery of hydrogen peroxide and Vibramycin to the periodontal pocket. Most of these benefits are attributable directly to the medicinal benefits of the medication in controlling obligate anaerobes, changing the predominant bacterial species, decreasing bacterial virulence, decreasing inflammation and the promotion of healing.
The bleeding upon probing improved dramatically. Bleeding that was present at the initial examination and periodontal probing decreased during treatment and was absent by the end of treatment. This demonstrated a significant improvement of localized inflammation control that lasted through the treatment protocol. This was due to the antimicrobial, antiinflammatory and biofilm modifications caused by the medications held in place over time. There was no evidence of any bleeding upon probing or localized inflammation at the end of the study.
The tissue appearance and conditions are evident (Figures 4-7) . There was a significant decrease in inflammation and tissue swelling. Supragingival plaque was managed and did not appear to reoccur. This improvement in biofilm control significantly reduced tissue damage and resulted in an observable improvement in appearance and tissue conditions. The fact there was no observed return of the disease indicates a long-term management with reduced recidivism and a resultant decrease in costs to the patient.
The cause of periodontal disease can be controlled with direct medication delivery. The improvements for this one patient have significant meaning for any patient suffering with periodontal disease. Controlling the cause of disease resulted in a decrease of disease signs and symptoms when measuring pocket probing depth and bleeding upon probing and a general improvement in the tissue appearance. Further testing will need to be done to confirm these results in a larger study over time.
Conclusions
The objective of the case report was to evaluate the clinical changes for a patient treated with direct medication delivery of hydrogen peroxide, oxygen and Vibramycin into a patient's gingival sulcus or periodontal pocket. The method was easy for the patient to use, safe, reliable and had demonstrable improved results in pocket probing depths, bleeding upon probing and the general tissue appearance. The treatments changed the biofilm resulting in a less virulent biofilm population and this change in virulence resulted in decreasing the patient's tissue responses to infection.
The use of direct medication delivery provides beneficial results for the patient. The incidence of inflammation as measured with bleeding upon probing was found to decrease substantially during treatment. The periodontal pockets were also found to decrease throughout treatment with an average pocket depth of 5.1 mm prior to treatment that decreased to 2.9 mm by the end of treatment.
The tissue appearances demonstrate significant improvements from the photographs prior to treatment, compared to during and end of treatment images. This method improved treatment results and attain a better localized health for this patient.
This method and improvement in treatment results will need to be evaluated further in a larger study to confirm application. Improvements in local results may have some bearing on changes in systemic inflammatory results and these changes should be applicable to patients experiencing periodontal disease. Figure 7 : The end of active treatment photograph demonstrates how much the observable tissue conditions have improved. Bleeding upon probing has decreased as has the pocket probing depths. Through direct medication delivery the cause of disease is controlled and the tissue appears to be healthier. The predominant species found in the periodontal sulci at the after-treatment samples are not the same bacteria found before treatment. Direct medication delivery will be a part of the patient's long-term home maintenance program to help maintain these gains.
